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NATTONAT: ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELTMINARY EXPERIMENTS WITH PILOT BURNERS FOR RAM-~-JET COMBUSTORS

By John M. Farley, Robert E. Smith¥, and John H. Povolny

SUMMARY

As part of an over-all program to develop a high-altitude, low-drag
ram-Jjet combustor, a preliminary development program on can-type pllot
burners has been conducted at the Lewis laboratory. A 5-inch-diameter
circular pilot burner and an snnular-segment pilot burner were developed
which gave stable operation over a satisfactory renge of fuel-sir ratios
with static-pressure ratios across the pllot burner from sbout 1.02
to 1.08 with an inlet pressure of 10 inches of mercury sbsolute. With
fuel injJected about 12 inches upstiream of the annulsr-segment pilot burn-
er, a combustion efficiency of 61 percent was obtalned at a fuel-sir
ratio of 0.06, with an inlet pressure of 10 inches of mercury absolute.
Efficiencies over 80 percent were obtained with a homogenecus fuel-air
o mixture, and it is believed that with some detailed fuel-system studiles

such values are attainable. when the fuel 1s inJjected within 12 inches of
the pilot-burner dome.

INTRODUCTION

Recent investigations of ram-jet engines have indicated that the
stabllity on low-drag ram-Jjet combustors operating at combustor-inlet
pressuree in the order of 1/2 atmosphere and less may be improved by use
of a stable heat source or pilot flame (reference 1). In the past,
pilot-burner air flows have generally been about 1 or 2 percent of the
total air flow. However, by use of low-drag pilot configurations, pillot
air flows as high as 8 percent of the total, with a blocked area of
about 25 percent of the ram-jet combustor cross-sectional aresa, appear
feasible. Combustors using can-type burners of relatively low drag
have shown good stebility and efficiency characteristics with inlet
bressures as low as 8 inches of mercury aebsolute and therefore sppear
well suited to pllot applications (references 2 and 3). As part of an
over-all program to develop & high-altitude, low-drag ram-jet combustor,
an experimental investigation of some of the pertinent design features
of can-type pilot burners has been conducted at the NACA Lewis lsboratory.

*Mr. Smith, of ARO Inc., 1s on assigmment to the NACA Iewls
1aboratory.
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Annular-segment configurations end circular can-type pilot burners
(5-in. diam.) with a single row and slso with six rows of holes were
investigated at inlet pressures from 10 to 30 inches of mercury absolute,
with statlic-pressure ratios across the pilot burners ranging from about
1.02 %o 1.10. To eliminate the effect of fuel distribution, s long mix-
ing length was used for most of the investigations (ebout 11 ft for cir-
cular pilot burners and sbout 9 ft for annular-segment burners), so that
the fuel-air mixture was essentially homogeneocus. A brief investigation
of more realistic fuel systems was also included in the program. Inlet-
air temperatures ranged from about 100° to 300° F.

FRELTMINARY CONSIDERATIONS

In an investigation of cen-type pilot burners with one and two rows
of holes, Longwell (reference 3) found that the best operation was
obtained when the sum of the diameters of the holes in the first row was
about 40 percent of the can perimeter at the first row. Longwell also
determined that the stebility of a two-row pilot burner could be fairly
well correlated in terms of the gir flow through the first row of holes.
The effect of varying first-row total hole area by using various size
holes was, however, not determined. In view of the apparent importance
of the first row, it was decided first to lnvestigate single-row config-
urations In order to determine the optimum hole size while mainteining
the percentage of open perimeter at 40 percent. The performesnce of multi-
row configurations was determined with the first-row holes at optimum
size on the basis of results of the first investigation. _

Analysis of flow conditlions in a ram-jet combustor using a low-drag
can-type pllot burner (appendix A) indicates that the percentage of
total air flow that may be expected to pass through the pilot burner is
approximately 0.35 of the percentage of cross-sectional area blocked by
the pilot burner. In order to obtain a pilot air flow of 8 percent of
the totel alr flow, a cilircular pllot diasmeter of nearly 1/2 the ram-jet-
combustor diemeter would be required. In s large-diameter ram-Jjet com-
bustor such & pilot burner would be excessively long and bulky. How-
ever, by using an annular cross section, a pilot burner could be bullt
which would pass the required amount of alr and still be of such scale
that a segment of the pilot burner could be developed in the available
facility. Therefore, it was decided that the development of & satis-
factory annular-segment pilot burner would also be desirable et this
time. Annuler pilots have the msdditional advantage of providing better
distribution of the stabilizing flame throughout the cross section of
the ram-Jjet combustor and when placed in the combustor-inlet diffuser
can be designed to divide the diffuser into coaxisl chammels and allow
more efficient diffusion.

2687
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APPARATUS

A sketch of the apparatus used for the investiggtion of the 5-inch-
diameter pllot burners is shown in figure 1. A photograph of the test
section and transition sections used in the investigation of the annular-
segment pilots is presented In figure 2. In both investigatiorns the air
flow was set by choking & velve in the inlet-air line. Air flows were
measured with a variasble-ares orifice in the combustior-air line.
Exheust pressures were set with either the exhsust-pressure regulating
valve, or with the flepper valve shown in figure 1. For the annular-
segment investigations the flapper valve was replaced with a butterfly
velve located at the outlet of the exhsust transition section. Water-
spray bars for quenching the combustion gases were located Jjust down-
stream of the flapper valve in the clrcular setup and about 1 inch down-
stream of the pllot outlet 1n the snnular-segment setup. A temperature
survey for the spray-cooled exhaust products was located Just upstream
of the exhaust-pressure regulating valve.

A photograph of a typicael mmltlrow circular pilot burner is pre-
sented in figure 3. Table I gives the characterlstics of the various
circular configurations investigated. Three single-row configurations
heving hole diameters of 1/4, 1/2, and 3/4 inch were investigated (con-
figuration A). Multirow configurations B and C had identical first rows
(nine 1/2-in.-diem. holes). In configuration B the hole-area distribu-
tion in the last five rows was axially parsbolic to give more gradual
addition of mixture to the burner in the early rows; wheress, in con-
figuration C there was an equael amount of hole area in each of the last
five rows, thet is, linear hole distribution. Configuration D had six
3/4-inchpdiameter holes in the first row and parabolic distribution in
the lest five rows. The varlous modifications of the annular-segment
pilot burner are given in teble II. The basic annular-segment pllot-
burner configuration investigated (AA) had parsbolic hole distribution
in the last five rows. A photograph of a modification of this configu-~
ration is presented in figure 4.

A sketch of an air-stomizing fuel spray bar typlcal of those used
for injection at the upstream station (station 1 in fig. 1) for both the
circular and annular-segment pilot burners is presented in figure 5(a).
Modifications of this fuel bar, having different numbers of orifices,
were used for various fuel-flow ranges. Fuel bars used for injection
6 to 12 inches upstream of the burner in the amnular-segment pilot-burner
investigation are shown in figures 5(b) and 5(c). A photogreph of sev-
eral of the fuel bars used 1s presented in flgure 8.

An externally mounted oxygen-hydrogen igniter was used. The igniter
flasme passed through one of the hollow mounting struts into the dome of
the pilot burner. A water-cooled plexiglsss window was provided in the
outer surface of each test section to allow visual observation of pllot-
burner operation.
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Unleaded gasoline (MIL-F-5572, grade 80) with a lower heating value
of 18,850 Btu per pound was used throughout the investigation.

Instrumentation. - A sketch showing test-section instrumentation 1s
included in figure 1. The pilot-burner-inlet total and statlic pressures
were measured at station 2. Changes in the static pressure of the air
flowing in the annulus between the burner and test-sectlon wall were
measured with a line of well static taps. At statlon 3 there were three
wall static taps to measure pllot-outlet statlc pressure. Fuel flows
and spray-water flows were measured with calibrated rotameters. Cooling-
Jacket water flows were determined from the cooling-water-menifold pres~
gure and a calibration curve of flow against pressure. Inlet and outlet
temperatures of the Jacket cooling water were recorded. Pressures were
measured with manometers and temperatures were measured with thermo-
couples.

Procedure. - The investigations were conducted over s range of inlet
static pressures from sbout 10 to 30 inches of mercury sbsolute, and
with a range of statlc-pressure ratios across the pilot burners from
1.02 to sbout 1.10. The procedure used was to set an alr flow which
gave approximately the deslred pressure ratio at a given value of inlet
pressure and then to record date over the full range of operable fuel-
air ratios while mainteining alr flow and inlet pressure constant. The
pillot burners were also investigeted under cold-flow conditions in order
to determine the cold drag coefficients.

Most of the investigations were conducted with air-stomizing fuel
spray bars (fig. 5(a)) placed well upstream of the pilots (station 1,
fig. 1) to obtaln homogeneous fuel-air mixtures. A brief investigation
was aleo conducted to determine the effect of various fuel distributions
and injection positions with both the circular- and annular-segment-type
pilot burners. (Herelnafter, upstream fuel injection will be referred
to as homogeneous fuel injection.) Combustion efficiencies were deter-
mined from a heat balance between the pilot-burner inlet and the cooled
exhaust-gas-temperature survey stations (stations 2 and 4, respectively,
fig. 1). Both spray-water and exhaust-pipe cooling-Jjacket-water flows
were accounted for in the heat balance. Combustion efficiencles were
then calculated from the following equation:

WelHg 4 - Hy ) + Wo(Hg 4 - Hy o) + Wy(Hy o - Hy 3)
o = (18,850 )Wp

(Symbols are defined in appendix B.)} With the single-row circular pilot
burners, the alr flows were much lower than the values for which the
test rig was originally designed; therefore, it was not possible to
obtain combustion efficiencies. With the multirow circulsr pilot burn-
ers the efficiency velues obtained were, in general, somewhat doubtful

26R7
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for the same reason. Therefore, only stablllity data are presented for

these configurations. Inlet Mach numbers to the pilot burner were cal-
culated with measured values of alr flow, pilot-inlet static pressure,

Pllot-inlet tempersture, and pilot cross-sectional area.

DISCUSSION OF RESULTS
Single-Row Circular Pilot Burners

Typical results showling blow-out limits of the single-row pilot
burners are presented in figure 7. For the configurations shown, the
number and the diameter of the holes were varied, but the ratio of the
sum of the hole dismeters to the perimeter of the burner was held con-
stant (approximstely 40 percent).

These results indicate that within the accuracy of the data the
hole size had no significant effect on the lean blow-out limits over the
range of pressure ratios investigated (1.015 to 1.113). The lean blow-
out limits for each of the configurations varied from 0.023 to 0.044.
On the other hend, hole diameter had a pronocunced effect on the rich
blow-out limits. The blow-out fuel-air ratios were highest for the con-
figuration having nine l/z-inchrdiameter holes, varying from 0.146 at a
pressure ratio of 1.023 to 0.093 at a pressure ratio of 1.113. The rich
fuel-air ratio blow-cut limits were sbout 0.02 and 0.04 lower for the
configurations having 3/4-inchy and l/4-inch—diameter holes, respec-
tively. During operation it was observed that with the l/Z—inchrdiameter
and 3/4—inchpdiameter hole configurations, the fuel-air mixture burned
with a blue flame over the entire cross section. With the 1/4-inch-
diemeter hole configuration, the mixture burned with a blue core sur-
rounded by an orange flame. The different burning phenomena may have
resulted from veriastion in penetration snd subsequent mixing within the
combustion zone.

The data presented in figure 7 indicate the combustion limits but
do not differentiate between steble end unsteble combustion. During
operation of the pilot burners it was found that the practical operating
range of each single-row configuration wes restricted to a considerably
narrower range of fuel-alr ratios than that indicated by the blow-out
limits because of unstable combustion characteristics in the fringe
areas of rich and lean blow-out. In terms of steble operating range,
the l/Z—inch-diameter hole configuration waes still the best single-row
configuration investigated. The instebility regions for this configu-
ration are shown in figure 8. The width of the rich unstable region was
different for each configuration and varied with inlet pressure but was
not affected apprecisbly by variations in pressure ratio for the glven
configuration and inlet pressure. In each case, as the rich blow-out
limit was approached, the flame began to flash intermittently from the
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outlet end of the pilot back through the outer annulus and upstream of

the pilot dome. The frequency end severity usually increased as rich

blow-out limit was more nearly approached. As the lean blow-out 1limit v
was aspproached there was a tendency for the flame in the dome to blow
out so that burning existed only downstream of the holes. The range of
fuel-alr ratios in which unsteble combustion occurred was, in general,
narrower near lean blow-out than in the region of rich blow-out.

The range of operstion of each of the single-row configurations
increased when the inlet pressure was decreased. This effect of inlet
pressure on the blow-out limits of the 1/2 inch~hole configuration is
shown in figure 9. With a pressure ratio of 1.06 the operable fuel-alr-
ratio range was from about 0.04 to 0.103 with an inlet pressure of
30 inches of mercury absolute, and from about 0.025 to 0.145 with an
inlet pressure of 10 inches of mercury absolute. This reversal of the
usual effect of pressure on combustion was caused by the increased tend-
ency of the pilot burners ‘to flash back and become unstable at higher
values of inlet pressure. Because the object of the single-row lnvesti-
gation was to find the optimum size for the first-row holes, it was
decided that a study to eliminate flashback would be reserved for the
investigation of the configuration with more than one row of holes.

Several methods of inJecting fuel at distances varying from 8 to
15 inches upstream of the pilot-burner dome were tried. All these fuel-
system variations proved unsatisfactory, however, because of improper ‘
fuel vaporization and liquid fuel impinging on and running down the walls
of the inlet pipe. This led to burning outside the pilot burner and to
unstable operation.

Six-Row Circular Pilot Burners

Two six-row pilot-burner configurations were febricated, each hav-
ing nine 1/2-inch-diameter holes in the first row, in accordance with
the results of the preliminaxry single-row investigation. The hole-area
distribution in the last five rows of one configuration was parabollc
axially, and in the other configuration the distributlion was linear
(configurations B and C).

Effect of snnular opening at pilot-burner outlet. - The parabolic
hole-distribution configuration was first investigated with an annular
opening between the pilot-burner and the outer pipe in the plane of the
pllot-burner outlet (configuration Bl). As for the configuration with
a single row of holes, considerable flashback through the annulus
occurred, particularly at low values of pressure ratio and at the higher
values of inlet pressure. The flashback tendencies increased when the
exhaust pressure was regulated by means of the flapper valve just aft of
the pilot burner, a condition which was later found to be true for most .

L89Z:
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other configurations investigated. Therefore, in this and in subseguent
investigations exhaust pressure was regulated with the valve locsted
farther downstream in the exhsust system. In an effort to broaden the
stability limits, the annular opening was closed by flaring out the aft
end of the pilot burner (configuration B2). A comparison of the stable
operating ranges of configurations Bl and BZ is made in figure 10.
Closing the annulus resulted in an extension of the opersble fuel-sair-
ratio range at the lower values of pressure ratio at each of the inlet
Pressures investigated. With a pressure ratio of 1.03 and an inlet pres-
sure of 10 inches of mercury absolute, the opersble range of fuel-air
ratios was from 0.053 to 0.094 with the annulus open snd from 0.053

to 0.123 with the annulus closed. With this inlet pressure, the maximum
operable pressure ratio was increased from about 1.07 with the annmalus
open to about 1.08 with it closed. Although the configuration with the
closed annulus operated more smoothly than the open-annulus configura-
tion, some burning upstream of the pilot burner still occurred at values
of pressure ratio below 1.04. With inlet pressures of 10 and 20 inches
of mercury sbsolute, this upstream burning was in form of a halo and had
no apparent detrimental effect on the pilot performence. At 30 inches
of mercury sbsolute, the upstream burning ceused some overheating of the
pillot burner.

Effect of hole-area distribution. - The linear hole-ares configurs-
tion was also investigated with the annulus at the exit of the pilot
burner open and with the enmilus closed (configurations C1 and C2).
Results of these tests were essentially the same as those for the cor-
responding parabolic hole configuretions (Bl and B2); that is, the change
in hole-area distribution had negligible effect on performence.

Effect of first-row hole modification. - The limits shown in fig-
ure 10 are stable operation limits and do not necessarily indicate blow-
out of the complete pilot burner. With most conditions of inlet pressure
and pressure ratio, the lean stability limit was characterized by blow-
out of the pilot burner downstream of the first row of holes, combustion
being meinteined In the dome. The same phenomenon was noted at the rich
stability limit with the higher wvalues of pressure ratio and lower wvalues
of inlet pressure. When operating at fuel-air ratios very near the lean
stability limit, it was sometimes possible to obtain a condlition in which
the downstream portion of the pilot burner would blow out and relight in
regular cycles with a frequency on the order of 2 cycles per second.

When downstream blow-out occurred, dark Jets of incomlng mixture could be
seen at the second row of holes penetrating into the flame coming from
upstream in the dome, which indicated that the mixture flow through the
second row was quenching the first-row flame.

In an effort to reduce quenching and to extend the operating range,
two modifications were tried. The first modification was an sttempt to
increase penetration of the first-stage mixture by adding internsl scoops
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or "thimbles" to the downstream side of the first row of holes and on
four of the second-row holes (configurastion C3). These thimbles are
illustrated in figure 1ll. This modification resulted in an increased
tendency to flashback and reduced stability limits. There was a tendency
for balls of flame to seat on the upstream face of the thimbles and
propagate from there to the outside of the burner.

The second modification was an attempt to lncrease the proportion
of mixture to the first row by ueing six 5/4-inch—diameter holes in place
of the l/2-inch—diameter holes (configuration D). This modification had
no significant effect on the performance.

Effect of annular passage size. - In order to determine the effect
of the size of the annular passage between the pilot burner and the
outer pipe, two venturi-shaped tubes or shrouds were fabricated which
could be placed around the burner to reduce the annular area (see
table I). Without a shroud the burner blocked sbout 50 percent of the
pipe area in the plane of the center line of the first-row holes. One
venturi reduced this annular asrea to 26 percent of the pipe cross-
sectional area (configuration B3), and the other reduced the area to
42 percent (configuration B4).

Comparison of the unshrouded configuration with the configuration
heving an annular ares of 26 percent of the burner cross-sectional area
(f1ig. 12(a)) indicates that at a given pressure ratio the width of the
opersble band of fuel-ailr retios was about the same for both. In terms
of pilot-burner sir flow, however, the range of operation was smaller
for the shrouded configuration (fig. 12(b)). With an inlet pressure of
10 inches of mercury sbsolute and a pilot-burner air flow of 0.2 pound
per second, the operable range of fuel-air ratios was from 0.052 to 0.123
for the unshrouded configuration (B2) and from 0.051 to 0.088 with the
shrouded configuration (B3). In other words, the shroud had no effect
on the stable range of operation at a given pressure rstio, but it did
raise the drag of the burner so that less mass-flow was obtained at a
glven value of pressure ratio. :

Configuration B4 was not investlgated under burning conditions, but
a8 cold-flow test indicated that this configuration also had a higher drag
than the unshrouded configuration.

Friction-drag coefficients and combustion efficiemncy. - Cold-flow
friction-drag coefficients for several modifications of the parabolic
hole-distribution configuration are presented as a function of pressure
ratio across the burner in figure 13. The original configuration with
the exit annulus open had a drag coefficient of sbout 4.0 at s pressure
ratio of 1.04. Closing the annulus resulted in an increase in drag
coefficient to sbout 4.5. Reducing the annular ares at the first row
of holes from 50 percent of the cross-sectional area to 42 and 26 percent

-~
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of the cross-sectionsl area resulted in an-lncrease in the drag coeffi-
cient to 7.5 and ' 15.5, respectively, at this pressure ratio. With all
configurations, the drag coefficients increased slightly with increasing
pressure ratio.

A plot of inilet Mach number against static-pressure ratio for con-
figuration B2, both with and without combustion, is presented in fig-
ure 14. Included on this plot are theoretical curves for various drag
coefficlents and combustor temperature ratios. Because of unrelisble
heat-balance data, it was impossible to obtain exact values of tempera-
ture ratio for the data shown. However, from the values of fuel-air
ratio it is belleved that the temperature-ratio range was from about
4.0 to 6.5. Comparison of the data with theoretical curves indicstes
that the values of friction-drag coefficiente with burning (when friction
drag is defined as total drag minus momentum drag) are sbout 8.0. Cold-
flow friction-drag coefficlents for thls configuration were between 4
and 5. Other circular configurations also had higher friction-drag
coefficients with combustion than under cold-flow conditions.

Combustion efficiency dats for the circular pilot burners were
somewhat doubtful because of the low values of air flow involved. How-
ever, for almost all conditions of inlet pressure, pressure ratio, and
fuel-air ratio, the indicated values of efficlency were above 80.percent.

Annular-Segment Pilot Burners

All the annular-segment pilot-burner modificetions investigated had
parabolic hole-area distributions. The first confligurstion investigated
did not have holes in the sides of the annular segment, and the open-
hole aree was approximately 84 percent of the pilot-outlet cross-
sectional aree (configuration AAl). Stebility limits of this pilot were
not as good as the circuler configurations. Considerable flashback
occurred at pressure retios below 1.04, and combustion could not be
meintained in the last five stages of the pilot burner at inlet pres-
sures below 13 inches of mercury absolute. The stability limits at an
inlet pressure of 13 inches of mercury sbsolute are presented in fig-
ure 15. Combustion efficlencies for various values of pressure ratio
and inlet pressure are presented as a function of fuel-air ratio in fig-
ure 16. For ell conditions investigated, combustion efficiencies
obtained were over 80 percent.

The addition of holes along the sides of the annular segment (con-
figuration AA2) increased the operational limits slightly; but the pilot
burner still would not operate with inlet pressures below 13 inches of
mercury absolute, and flashback still occurred at lower values of pres-
sure ratio.
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In an effort to increase the alr flow through the first row of
holes, scoops were added to all the holes in the first row (fig. 4).
This modification resulted in improved operational range and msde it
possible to operate the burner with inlet pressures as low as 8 inches
of mercury absolute. However, flashback was stlill encountered with
pressure ratios below 1.04. In an attempt to eliminate flashback, the
fuel-injection station was moved from statlion 1 to a plane spproximately
1 foot upstream of the pilot burnér. A sketch of the alr-atomizing fuel
bar used at thie location 1s presented in figure 5(b). This modifica-
tion greatly improved the stability at the lower values of pressure
ratio. Fuel-air ratio operating limits of this configuration are pre-
sented in figure 17. The rich limits shown for inlet pressures of 12 and
30 inches of mercury sbsolute are fuel-system flow limits, not blow-out
or stability limits.

Combustion efficiencies for values of 1nlet pressure of 10 and
12 inches -of mercury absolute and for several pressure ratios are pre-
sented as & function of fuel-air ratio in figure 18. The values of com-~
bustion efficiency for all conditions are below 80 percent, conslderably
less than those values obtained with & homogeneous fuel-alr mixture.
Meximum velues of combustion efficlency were obtalned near the lean
limit, and efficiency decreased with increasing fuel-air ratio. With an
inlet pressure of 10 inches of mercury absolute and a pressure ratio
of 1.021, the combustion efficiency decreased from approximately 75 to
47 percent, when the fuel-air ratio was increased from 0.043 to 0.092.
For s given inlet pressure, the combustion efficlency decreased with
increasing pressure ratioc (or inlet velocity) across the pilot burner.

The holes in the side of the segment were covered in order to simu-
late more closely a complete anmulus (configuration AA4). The operating
range of this configuration was essentislly the same as the configura-
tlion with the slde holes open.

Fuel-system variation. - Operation of configuration AA4 was also
investigated with the impinging-jet fuel bars (fig. 5(c)) located 14 and
6 inches upstream of the pilot burner, and with the single-orifice fuel
bars (fig. 6) located 15 and 7 inches upstream of the pilot burnmer. A
comparison of the combustion efficiencies obtained with these configura-
tions and with the sir-atomizing configuration at inlet pressures between
9.8 and 11.2 inches of mercury sbsclute and pressure ratios from 1.021
to 1.045 is presented in figure 13. These fuel bars were set at the
radial position that gave the highest efficlency at stochiometric fuel-
gir ratio. Maximum efficlencies with the air-atomizing and Impinging-
Jjet fuel bars were obtained at values of fuel-slr ratio between 0.05
and 0.07. With the simple-orifice fuel bars, the efficiency was a maxi-
mum nesr the lean blow-out point and decreased rapidly with increasing
fuel-air ratio. With the ailr-atomlizing fuel bar, s meximum efficiency
of about 61 percent was obtained at a fuel-air ratio of sbout 0.086.

L89¢
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The primsry objective of these fuel-system changes was o £ind a
configuration which would allow stable operatlon of the pilot burner
over g range of pressure ratios from sbout 1.02 to 1.10 gt pilot-burner-
inlet pressures from 10 to 30 inches of mercury sbsolute. However, it is
believed that with a moderate amount of development work, fuel distribu-
tion and veporization could be improved enocugh to obtain combustion
efficiencies over 80 percent, as obtained with the homogeneous fuel-air
mixture. It 1s also probeble that the water-quench spray downstresm of
the pilot burner limits the combustion efficiencies to values consider-
ebly below those which could be obtained in an operational instellstion.

It was noted during the annular-segment pllot-burner investigations
that any fuel system which allowed liquid fuel to spray on the outer
shroud walls would result in severe flashback and unstable operation.
This agrees with the results cbtained from the circular pilot-burner
investigations.

?riction—drag coefficients. - Cold-flow drag coefficlents for vari-.
ous annular configurations varied from about 5.0 to 8.0 (fig. 20). This
Increase over the values obtalned with the best circular pilot-burner
configuration 1s attributed to the reduced ratio of hole area to pilot-
burner cross-sectional area in the annular pilot burner. Drag of an
annular pilot burner could be reduced by constructing the pilot in a
number of segments with holes along the segment sides.

Friction-drag coefficlents with combustion were calculated for
ennular-segment configuration AA3 by subtracting the theoretical values
of momentum pressure drop from the measured pressure drop ascross the
pilot. When plotted as a function of inlet Mach number, the values of
friction-dreg coefficient so calculated showed a considersble smount of
scatter. However, most of the values were between 4 and 6. It there-
fore appears that unlike the circular pilot the friction drag of the
annular-segment pilot burner was not higher with combustion than for the
cold-flow condition.

CONCLUDING REMARKS

It is possible that coupling effects between the pilot burner snd
the main combustor might alter the stability charseteristics of the
pillot burner when it is operating as a component part of a ram-jet com-
bustor. It was impossible to evaluate such effects in the direct-
connect rig used. However, the effects of geometric changes in the
pilot burner, such as variation of hole-srea distribution, addition of
scoops, and variation of annular-passage area, should be at least quali-
tatively applicable to full-scale combustor design. The pilot fuel
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system appears to be a critical factor in pilot design wlth respect to
both efficiency and pllot-burner stability. Additional work would be
required to obtaln the optimum compromise between these two factors for
any glven installation.

To find the spproximate alr flow through and pressure ratio across
the pllot burner in a given installation, an analysis similsr to that of
appendix A might be used. This analysis is highly dependent upon
assumed pressure losses in.the pllot diffuser and in the main stream
outside of the pilot, and also upon the ram-jet combustor-inlet-velocity
profiles. However, it 1s probable that the pilot-burner pressure ratio
obtained in any practical installation of this type would fall within
the range covered in this investigation (1.02 to 1.1). A friction-drag
coefficient of sabout 8.0 appears to be a reasonable value to use 1ln cal-
culations for this type of pilot. Selection of circular or annular
cross sectlon would depend on factors such as pllot blockage reguired,
ram-jet-diffuser shape, desired distribution of piloting flame, and
length available for pilot installation. For a given amount of pllot
blockage, an annular pilot would be shorter snd give better distribution
of piloting flame. Drag of an annular pilot could be reduced by con-
structing it in a number of segments with holes along the segment sides,
in order to increase the ratio of pilot~-burner hole area to blockage
area. This segmentation would epproach, as a limit, a serles of small
circular pilots arranged to form an annulus.

SUMMARY OF RESULTS

A 5-inch-dismeter circular pillot burner and an ennular-segment
pillot burner were developed which gave steble operation over a range of
. Puel-air ratios sufficiently wide for pilot application, with pressure
ratios scross the pilot from about 1.02 to 1.08, with an inlet pressure
of 10 inches of mercury absolute.

Tendency of the circular pilot burners to flashback wes reduced by
closing the snnulsr gap between the pilot burner and the outer pipe at
the outlet end of the pilot. Changing the circular pilot-burner hole-
area distribution from parsbolic to linear had little effect; however,
if addition of fuel-sir mixture to the combustion zone is too rapid
after the first row of holes, quenching of the flame from the first row
can occur. This effect was noted with an annular pilot configuration
which would not burn downstream of the first row of holes when the inlet
pressure was below 13 inches of mercury sbsolute, Increasing the flow
through the first row by the additlion of scoops greatly improved the
stability of this burner and made 1t possible to operate at pressures as
low as 8 inches of mercury absolute.

2687



1892

NACA RM E52J23 - 13

With homogeneous fuel-air mixtures, efficienciles of over 80 percent
were obtained with both annular and circular pilots at inlet pressures
as low as 10 inches of mercury sbsolute. With the annular pilot, how-
ever, flashback occurred when the pressure ratio across the pillot was
below 1.04. Moving the fuel spray to a station epproximastely 1 foot
upstream of the pilot eliminated most of the flashback at the expense
of reduced combustion efficiency. It was found in both the circuler and
annular-segment investigations that severe instabllity results when
liguid fuel is allowed to impinge upon and run down the walls of the
inlet ducting. .

Cold-flow friction-drag coefficient of the best circular pilot burn-
er was about 4.5 with a static-pressure ratio across the pilot of 1.04.
With burning, the friction-drag coefficlent lncreased to sbout 8.0. In
order to avold excessive drag, it waes determined that the annular-passage
area around the pllot at the first row of holes should be at least one-
half the pilot-outlet cross-sectional area. Cold-flow friction-drag
coefficients of the annular-segment pilot burners were higher than those
of the circular pllot burners because of their reduced ratio of hole ares
to cross-sectional area. The annular configurstion with scoops on the
first row of holes and with holes along the segment sides had a cold-
flow drag coefficient of 6.5 at a pressure ratio of 1.04.

Lewls Flight Propulsion Lesboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio
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APPENDIX A

ANATYSIS OF FLOW CONDITIONS

For the celculstion of air flow through a low-drag can-type pllot
burner, a ram-jet combustor designed for a burner-inliet Mach number
of 0.15 (station 2) is considered:

///f <
Main-stream air flow, Wi <
::::_____________,
p——
Pliot 00 O 0O
I Lo} ai; flow oo RoXeXe |
_ 2 o
<
A B <<
Station 1 . . e L
Station 2

Assumptions made in these calculations are:
(1) Static pressure at the pilot-exhaust station (station 2) is the
seme for the air flowing through the pilot as for the mein-stream air:
= (p,) -
PB 2/
(2) Effecte of main-stream and pilot fuel injection are neglected.

(3) Totel-pressure loss between stations 1 and 2, outside of the
pilot, is 1 percent: Pz/Pl = 0.99.

(4) There is no total-pressure loss in the pillot diffuser:
P,/Py = 1.0.

(5) Pilot total-temperature ratio Tp/T, is 4.0.

(6) The cross-sectional area of the pllot is equal to the cross-
sectional area at station A: Ap = Ag = AP.
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Flow Through Pilot Burner

From conservation of momentum
Dphp + mpVp - CphApay = Ppép + mply
' C
Py (L + 1 - YM.E) = Pghy (1 + 1)

Dividing by p AAP

C
1+ YME_G. - ?D) - ];2; (1 + 1pMa) (1)
Also

- = 2 = Ye
W—gpAV—RtAM vg Rt = pAM Rt

(assuming negligible difference between static and total temperature).

And for M < 0.2,

Also
WZ - Wz
A
and
2
M2y, _ M2y
Ty s
and then
2
2 2 PA TB
VBB < Ty 2 T,
PR A

Substituting in equation (1)

c pa\2 T
vengl-B) -2 [ (2 2t
Py Pg/ “a
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Then

Dy T D
YME(‘CZE'l"f%Tf):l’EE (2)

P\ /Pa\ Pm
(p:)(?z) "R =

P
where §I = £f(My) and Py = Pp.

Also

From equation (2), values of M, were calculated for values of Pp/Ps
between 0.96 and 1.0 end values of Cp from 4.0 to 24.0 with

TB/TA = 4.0. Corresponding values of PB/Pl were calculated from equa-
tion (3). Curves showing the varistion of PB/Pl with M, for various

values of Cp when Tp/T, = 4.0, are plotted in figure 21.

Flow Around Pilot
Since e e .
= = Y&
W = gpAV = pAM Rt

if total values are substituted for static values of pressure and
temperature,

PAAJYZ M 0.918 PAM

LT AT (L + 0.2u2)3
A/R_T-(l L2 MZ‘)EI{qy '

for y = 1.4, then

W=

wnh M

0.918 PA (1 + o.éMZ')?

PRAT
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Wa ‘\/T_z Wl\fr—l

With no pilot, My = 0.15 and o518P5hg = 0.148 = RIS

pllot instelled, Mach number of the main-stream alr at station 2 for
various values of pilot air flow Wp/wl and pillot blockage AP/AZ can
be determined from

With a

Wy - W W
e S - -2
Mp =( W ) AT Y (l Wl) (0.148)
>3 Ay - 0.518544, i
R N - R

Also
where _ (5)

Likewise, the Mach number at station A in the pilot can be determined
for varlous values of pilot air flow and pilot blockage from

i @) (e

M, WAy, WAM (Wl WiNTy

(1 + 0.2My)3  (0.918)Pphy — (0.918)P1A; (ﬂ)(ﬁ} 0.918PoA5
P2 \A2

®
W
= (0.148) (6)

P1\/p

Pa\Ag

From equation (4), values of (M;) were calculated with assumed
m
values of A,/A; from 0.05 to 0.25 end assumed values of (Wp/vp )/ (8p/A5)
from 0.2 to 0.6. Corresponding values of (pz/Pl)m and M, were cal-
culated with equation (5) and equation (6), respectively. Curves showing
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the variation of (pz/Pl)m with M, or with (WP/Wl)/(AP/Al) for
values of AP/AZ from 0.05 to 0.25 are also plotted in figure 2. The

points of intersection of these curves with those which show variation
of pB/Pl with MA for various values of Cp are points at which the

assumed outlet condition Py = (pz) is satisfied for the given condi-
m
tlons. A cross plot of these intersection points, showing variation
of (W/Wy)/(Ap/Ag) with A,/A; for verious values of Cp 1s presented
in figure 22.
It can be seen in figure 22 that with 8 pilot drag coefficient of 8,

the ratio of pllot sir-flow ratlo to pilot blockage retio varies from
ebout 0.34 to 0.375 as pilot blockage ratio varies from 0.05 to 0.25.
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APPENDIX B

SYMBOLS
The following symbols were used in this report:
A area, sq ft
Cp friction-drag coefficient
f/a. fuel-air ratio

scceleration due to gravity, 32.2 f£t/sec?

g

H enthalpy, Btu/lb

M Mach number

m mess flow, slugs/sec

P stagnation pressure

P static pressure

q dynamic pressure

R gas constant

T stagnation temperature, °R

t static tempersture, °r

v velocity, £t/sec

W weight flow, 1b/sec

T ratlio of specific heats

Ty combustion efficiency, percent
o) mass density

Subscripts:

a eir

e exheust-gas cooling-water spray

et
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T fuel

g gas (mixture of air and fuel at station 2 and exhaust products at
stations 3 or 4, fig. 1)

1 in

J water~jacket cooling water

m maln stream

o] out

P pilot burner

8 steam

W weater

1 upstream fuel-injection station (fig. 1)

2 pilot-burner inlet (fig. 1)

3 pllot-burner ocutlet (fig. 1)

4 exhaust~gas temperature survey station (fig. 1)
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TABLE I ~ CIRCUIAR PILOT CONFIGURATIONS

Row 1 2 I 45
ud 1gurati
Shroud SoaPieseriod 8"” o
== %
”
112-' rad. <>=T $ C> C> 4.8"
e + TR il
O )
~i
D s D
by <>
% 4" 2" 2" 2“*"2"—.‘-2"
15"

Confliguration A:

First row of holes only; exit annulus open.

Al: Six 3/4-1n.-d.1am. holes; total open hole area 2.650 sg in.

2l

Annulus open or cloged

Cross~sectional

area, 20.03 sg In.

A2: TNine 1/2-in.-dlem. holes; total open hole area 1.767 sq in.
A3: EREighteen l/&-in.-diam. holes; total open hole area (0.883 sq in.

Configuration B:

Six-row pilot with perabollc hole-area dlstribution.
hole area 121.7 percent of cross-sectional area.

Row 2| 3[4] 5 |6
No. of holeg el 8|8l 8 |8
Hole diam. (in.) 5/8]3/4]7/8{15/16[1

Exilt annulus open.

B2: Exit annulus olosed.

B3: Exit annulus closed; shroud incorporated to reduce anmulsr area
et first row of holes to 26 percent of pilot-outlet area.

B4: ZFExit annvulus olosed; shroud incorporated to reduce annular aresa
at Pirst row of holes to 42 percent of pllot-outlet area.

Configuration C:

Six-row pilot with linear hole-area distribution.

area 120.6 percent of cross-sectlonsal area.

Row 1 2 | 3 4 | 5 |8
No. of holes 8 | 8 8 | 8 | 8
" 1
Hole diam. (in.)|1/2 ,% end 4-% holes alternating

Cl: Exit annnlus open.

C2: Exit annulus closed.
C3: Exit annulus closed; thimbles on six first-row holes and three
second-row holes (fig. 1l).

Configuration D:

aectional area.

Row il2[3]4a] 5 s
| No. of holeg 6181818 8 18
Hole diam. (in.)|3/4|5/8|3/4]7/8]15/16[1

Total open

Total open hole

Six-row pllot with parabolic hole distribution; exit annulus
closed; total oper hole aree 126.1 percent of crosa-

R
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TABLE IT - ANNULAR-SEGMENT PILOT CONFIGURATIONS

1%" vad. 'T'
0 vy 5
- At ™ N .3n
2 0] [ R
C s i
4 (o 13.4" red. i :: T
= % \ "'".""C'D"g"é“&'i""_ >
a3 P D %

8.1" rad.
Cross-sectional \ 4" —>pe2" 2Vpie-2 Mte- 22 "

area, 74.3 s8¢ in.
P L < 15" -

Configuration AAl: Exit annulus closed; no holes in sides; total open hole area
84.0 percent of cross-sectional area.

Row 1 2 3 4 1506
Top |No. of holes 10 10 10310 110 [30
\gurface |Hole diam. (In.)| 5/8 | 3/4 1 7/8 [ 1 |11
Bottom No. of holes [ 6 [ [ 6 [
surface (gole diam. (in.)| 11/16|13/16|15/16 111—6 1% =

Configuration AAZ: Exit annulus closed; top and bottom surface holes sams ae in
oconfiguration AAl; total open hole area 103.9 percent of
oroas-gectional area.

Row 1 ]2 |3 4|56 W
stge |No. of holeain [ 2 f 2 | 2 2122

each gldéd
U8 Ce8 e alam, (in.)|5/8|3/¢]7/8]1]1]1

Configuretion AA3: Same as configuration AAZ but with scoops on firet row of holes.
See flgure 4.

Configuration AA4: Same as configuretion AAl but with scoops on firat row of holes.
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Btatlon 3 3 wall etatic taps equi-

spaced around pilpe

.. {Exhaust-preassure-
+ sregulating valw

hoavy-wall pips

Tes't-:.-seut:l.on detall

\Watar-coolﬂd

axhaust sectilon

Wall statio-preseure tap
2" Spacing
/B
[FOR R T ROV A +"
Erom variable- ' "“_‘ L s S ol 7
area orifice -k s C 5 @ L
r 2 0 o O o O T
B EQ o 2 of
Flange —._R Bpark plug ¢
§ z
4 %
H- y. gen-hydrogsn igniter
= Tegt-geotion 5" 7 19"

Doms statlo-pressure tap

Wataer-cooled flapper valve
Alterpate fnel-spray location

Inlet-temperature probs

Mixing length

Can-type

Water-oooled jacket

la 2
pllot turner

Figure 1, - Test rig for olromlar pllot-burner invesHigation.

£el3Sd WH VOVN

£2



o9z

144

£20BSE Wy VO¥N



2687

Flgure 3, - Typleal multirow clrcular pilot burmer.
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Flgure 4. - Typical annular-segment pllct burmer.

1892

g2

eZr2SE W VOVN



2687

a7

NACA RM E52J23 <ONERDENSE
Drill through
even 0,040" holes
5 11 .
16 apart % pipe 1v
Ll [ T /E

l=ﬁ=!—‘_‘ == e :
32_,4 HERER [ Fuel line
1
ir line

8" h

() Typicel air-stomizing fuel spray .

' air line

ll
3 S1lver solder
l" 1
deep y fuel line

Sectlon A-A

0.020 drill 3/8"

(b) Alr-atomlzing fuel epray bar used to inject fuel 12 inches upstream
of annular-segment pilot burner.

No. 76 drill, 2 holes
"

% deep

3 "

52__g11ver solder

n
\—% tube
Section B-B

{c) Impinging-jet fuel spray bar.

Figure 5. - Fuel spray bar detalls.
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——— P=4

.16
]
| EN Config- No. of Hols diem. Average inlet
L4 — uration holes  (in.) temperature
[ \ O °F)
; (@] AL 6 3/4 140
i AN 8 A2 ) 1/2 130
[ \ A3 18 1/4 125
a2z Q. N
N ~N
—
o : ! \ (o) \
= .10 O N‘\
5) [ o
E :; \
? (@] ’\
.08 . I
5 . r Rich
o\\ O (@] 1imits
——"]
— <
\r\\\_
.08 A, )
~
| | (@] Lean
.ot I oo s ¥ <@ linits
r S 9 o 5
) =
.02 _:E:
1.00 1.02 1.04 1.08 1.08 1.10 1.12 I :

Static~-pressure ratlo acroas pllot burner, pg/p5

Figure 7. - Effect of first-row hole diameter on blow-out limits. Single-row pilot burner.
Inlet pressure, 20 Inches of mercury absolute; homogsneous fuel-air mixture.
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| ;//?) ° S T
.12 :fi:::::::::///
/// /// /// /// i~ Rich blow-out
< N Lo
;/;/;/;/;/; ///77>o
A A
. AN GAAIA7
N AP e P
Stable operating limits —( /‘% I/Z///%j
| e e N
/o/ o - Tean blow-out
| ° <u

L.00 1.02 1,04 1.06 1.08 1.10 1.12
Static-pressure retio across pllot burner, PZ/PIS

Figure 8. - Stable operatlon and blow-out limits (configuration AZ). Single-
row pilot burner with nine l/Z-inch-dia.mater holes. Inlet pressure,
20 inches of mercury absolute; homogeneous fuel-alr mlxture; average inlet

temperature, 130° F.
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Fuel-alr ratio, f/a
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.18
Inlet pressure
(in. Bg abs)
o] 30
o 20
16 |© < 10
14 c\ o
\ D \
N
) o N AN \\
.12 Qo \ Tnlet pressure
N \( in. Hg abs)
D\ 10
N L
\ N %0
.10 \\ o \\\ Rich |
limits
N T~
[m]
\ 30
.08
o
S~
o
.08
(o
Q 30 _L—" -t Lean _
/ Jimits
o l—110O
.04 0 /‘D/ Z0 — | N
_——
o ] °© 10
/ o o
02 ° ° Qo
. 1
1.00 1.02 1.04 1.06 1.08 1.10 1.12

Static-pressure ratio a&cross pilot burner, p2/p3

Figure 9. ~ Effect of inlet pressure on blow-out limits. Single-row pllot
burner with nine 1/2-inch-dia.meter holes (configurstion A2). Homogeneous
fuel-alr mixture; average inlet temperature, 130° F.
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——— Annulus closed (configuration B2)
Inlet pressure Inlet temperature
.14 : (in. Hg abs) (°F)
: P 30 160
p 20 140
) o 10 100
12 ~=-=— Annulus open (configuration Bl)
: A\ o 30 150
o 20 145
[ . < 10 115
@ = 3\\\
W .10 N
- N h
9 o RN P\
o
= N ~ N
5 ~N| ~ L)
9 ) ~r-o- .&L_
i .08
— \
@
g \ ) N
! \ 1
-~ - / )
. 5
/ ST !J_"“:?./ 5
AV T o =~
o d—F -0 ~FE
.04 o L
1.00 1.04 1.08 1l.12 . 1.18 1,20
Static-pressure ratio across pilot burner, py/ps
1 3 1 i 1 ]
0 73 108 130 149 165

Approximate pilot-inlet velocity, Vs, ft/sec

Figure 10. - Effect of annulue opening at pilot-burner outlet on stability
1imits. Six-row pilot burner with parabolic hole-area distributlon.

Homogeneous fuel-alr mixture.
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Flgurs 11. - Pllot-burner Interlor ehowing "thlmbles" on firsi- and second—row halea.
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O Conflguration B2, dnnulus area
= 0.5 pllot-outlet aresa.

Alr flow
—_—

<14

O Conflguration B3, annulus ares
= 0.26 pllot-outlet area.

.12 \\:\Q\

\ \ B
& AN
a \
e o tl ]
e AN
&
—
g .08 B —_— o
o ) T~
[
v — I
.06 ’p,/ e
]
/ A
1 AT =]
v
.04 :/ |
1.00 1.04 1.08 1.12 1.18 1.20

Static-pressure ratioc across pilot burner, Pz/P:s

(a) Stability limits as function of static-pressure
ratlo across pllot burner.

Figure 12. - Effect of annular shroud area on pllot-burner stabllity limits.
Six-stage pilot burner with parsbolic hole-area dletribution. Homogeneous
fuel-air mixture. TInlet pressure, 10 inches of mercury absolute.
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Configuration B2, annnlus area = 0.5 pilobt-
outlet cross-gectional aree

Configuration B3, annulus erea = 0.26 pilot-
outlet cross-sectional area

.14
<]
~\\\\
.12 \\\ \\\\\\
\ \\\\<k~\\\\\
f; .10 \\\\\‘\\\\\ \\\\x\
i . SN ~
& ~\\\\~
% .08 \D\—
g e
.06 4——”"'—43
////-";- o |
I
.04 | | i
.10 .15 .20 .25 .30 .35

Air flow, Wy, 1b/sec
(b) Stabillity limits as function of air flow.
Figure 12. - Effect of annular shroud area on pllot-burner stability limits.

Six-stage pilot burner with parabolic hole-area dlstributlion. Homogeneous
fuel-air mixture. Inlet pressure, 10 lnches of mercury absolute.
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Filgure 13. - Effect of static-pressure ratic and configuration changes on isothermal friction drag
of pilot burner wlth six-row perebolic hole-area distribution.
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Theoretical curves
Friction-drag
coefficlent, Cp
— 4
—_—— 8
(o] With combustion
D Cold flow
—
Pilot total-temperature
1.16 ratio, '.!!3/"1'2
o
5] 5 4 4
1.14 /‘5 57 //
O
& / o1/ /
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=) 1.12 ;
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1.10 /
B rf oy’ B,
= y
z /N /P 1
g 1.08 o9 /]
i / 7
=} O
b $ /
['+]
H 1.06 j
)] 4 O
@ fo!
g /
B A/
[+ . -
et / 7t / =)
P
F’E 3 / // L~ //
1.02 2 Ya i L
. Cd ./ Lol
=}
1.00 ) '
.02 04 .06 .08 .10 .12 .14 .18

Pilot-inlet Mach number, M.

Figure 14. - Varilation of statlc-preasure ratio across pilot burner with inlet
Mach number. Configuratlon BZ.
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\eRich limit .
.. Lean limit
'i“EEE!,-r-
d |
.00 1.02 .1.04 1.06 1.08 1.10
Static-pressure ratio across pilot burner, ps/pz

[ | i 1 | ]
0 34 56 T4 20 105

Approximate pilot-inlet velocity, Vi, ft/sec

Figure 15. - Effect of static-pressure ratic or Inlet veloclty on stability
limits of annular-segment pilot (configuretion AAl). Inlet pressure,
13 inches of mercury absolute; homogeneous fuel-alr mixture; average inlet
- temperature, 185° F, -
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Inlet pressure Inlet temperature
(in. Hg abs) {°F)
—_— 13 185
——— 20 200 °
Pressure ratio Inlet velocity
(ft/sec)
lo) 1.048-1.056 56-74
[ 1.068 83-84
100
g
o] 4 - =Or= —
g © X
o N\
xi g0 o “
§ ° BB
3 o’ o
E .
o 80
=]
a
-:E-'Z
=
(&1 70 ]
.04 .05 .08 .07 .08

Fuel-alir ratio, £/a

Pigure 16. - Effect of fuel-alr retio and opsrating condlitions on
combustion efficlency. Annular-segment pilot burner. Configu-
ration AAl., Homogeneous fuel-alr mixture.
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Fuel-air ratio, f/a

L NACA RM E52J23

.16
.14 X y
Inlet pressure Average inlet
& \ (in. Hg abs) temperature
. (°F)
\ \A o 30 290
A 12 275
.12 ‘\ ‘\ ¢ 10 250
Blow-out limit

\ \ ~—mew Fuel-pystem flow limit

.10 \\ \\

> ]

.02

0 | |
1.00 1.02 1.04 1.08 1.08
Static-pressure ratio acrose pllot burner, PZ/PS
L | 1 1 |
o 63 26 1z2 142
Approximate pilot-inlet veloclty, Vo, f‘t.,v'sec

Figure 17. - Effect of statlc-pressure ratlo or inlet veloclty on
stability limits of annular-segment pllot burner. Configura-
tion AA3., TFuel injected (12 in. upstream of pllot burner) with

air-atomizing fuel bars.
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0 12 1.029-~1,.035 80~87 260
& 12 1.057-1.048 96-100 280
A 12 1.047-1.051 107-113 280
v 10. 1.047-1.051 107-113 250
a 12 1.077 140 300
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Figure 18. - Variation of combustion efficlency with fuel-air ratlo for several values of statlo=

pressure ratio or Inlet velocity. Annular-segment pilot configuration AA3. TFuel injected
12 inches upetresm of pilot burner with air-atomizing fuel bara. Inlet preasure, 10 inches
mercury abeolute.
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. —————
Flow € C€ (
Type nozzle No. of nozzles Distance upatream of|
_ pilot-burner dome
(in.)
O Air-atomlzing 4 12
100 O Impinglng-Jjet 6 14
$ Impinging-Jet 6 <]
A Simple orifice 12 15
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Fuel-air ratlo, £/a

Figure 19. - Effect of fuel-nozzle type and longitudinal position on combuation
efficlency over a range of fuel-elr ratios. Inlet pressure, 9.8 to
11.2 inches of meroury abasolute; pressure ratlo across pllot burner,
1.021 to 1.045; inlet velocity 65 to 75 feet per second; average inlet
temperaturs, 200° F; annular-segment pllot, configuration AA4.



' Pilot burner
O Apnular segment with sides clomed (AAl)
O Amular segment with holes slong sides (AAZ)
¢ Annular segment with holss along sldes and
8 scoops on holea of front row (AA3)
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Flgure 20, - Friction~drag coefflciente for three amnular-segment pllot burners.

Btetlo-pressure ratio across pllot burmer, pg/p;f,

Tacthermal flow,
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Pressure ratic across pilot, pR/P1
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Pilot~inlet Mach number, M,
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Ratlo of pllot air-flow ratio to pilot blockage ratio, (Wb/Wl)/(AP/AZ)

Figure 21, - Varlation of pressure ratio acroes pllot with pilot-inlet Mach number for various

values of pilot drag coefficient and pilot blockage. Filot temperature ratlo, 4.0; burner
design inlet Mach number, 0.15; burner-inlet-diffuser pressure recovery, 0.99,
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Pgure 22, ~ Cross plot of curve intersection polnts from Plgure 21, showlng
variation of ratio of pilot air flow to pilot blockage with pilot blockage

for varioug values of drag coefficlent,
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